Dr Eric Samuel
(Department ofDiagnostic Radiology, Royal Infirmary, Edinburgh) Soft-tissue Radiology of the Breast Plain radiography of the breast (mammography or mammogram) is the technique of soft-tissue radiography of the breast using the inherent contrast of the different structures of the breast as a means of demonstrating pathological processes.
Technique
The success or otherwise of any programme of X-ray examination of the breast by plain radiography largely depends on meticulous technique and a thorough understanding of the changes that occur during the normal physiological phases of breast changes. We have used a unit which has been specially adapted for breast radiography, which, although satisfactory, could be much improved. The desiderata for breast radiography may be classed as follows:
(1) Focal spot: The smallest sized focal spot possible would be ideal, and a 0 3 or 0 1 mm focal spot would greatly enhance the detail obtained. However, in practice the loading demanded is such that a 1 mm focal spot is used. The gain in definition from the use of the 0-3 mm focal spot is offset by the motional blur consequent on a longer exposure necessitated with the use of such tubes.
(2) Filtration ofthe tube: A maximum filtration of not more than 0-5 mm of aluminium is essential. Special tubes in which the inherent filtration has been removed have been used'(Dunlee tubes) but we have no personal experience of the use of such tubes. However, Mr A Beetlestone of Mullards has produced a tube which has no inherent filtration and which is capable of heavy loads of 1,000 mA up to 50 kV. We are at present investigating the potentialities of such a tube.
(3) Cones: Specially designed long cones, with a cut-out section moulded to the thoracic wall, have been used. Fo'am nylon (plastic) moulds have been used to enable some configuration and compression of the breast to be obtained. We have considered, but not tried, the method of immersion of the breast in oil as we believe that it is too cumbersome to use in clinical practice.
(4) Radiographicfactors: The radiographic factors we have used are as follows: [28] [29] [30] [31] [32] [33] [34] [35] kV and 400-500 mA at a distance of 28 in. We are using an unrectified 100 MK Philips unit, modified from a portable machine, and have obtained the relatively low kV by tapping the mid-point of the primary transformer. Undoubtedly a full rectified unit would be of considerable advantage as it is noticeable that in the lateral positions motional blur, associated with the relatively long exposure, is responsible for the major loss of detail that occurs in this view. (5) Films: Industrial fine grain films have been used throughout this examination. Kodak Industrialex films, whilst considerably faster (onethird of the dose required) do not give the same detail as their Ilford counterpart and as a consequence we have used the latter for preference.
Radiographic Positions
(1) Cranio-caudal: This is the most satisfactory position; the patient is seated, with the breast resting on a specially prepared shelf (plate). Slight compression of the breast has been recommended, but we feel that the distortion of the breast architecture militates against the usefulness of compression. However, it is possible that when the lump has been located the use of compression with a small cone localized to the area will give improved detail.
(2) Lateral: The patient is supine and is rolled on to the affected side; the breast lies in a cradle of polyfoam nylon. Unfortunately in this position the axillary tail of the breast is frequently not demonstrated and at least two of our errors have arisen by technically faulty films which failed to demonstrate this portion of the breast.
Material
In our series two main types of cases have been investigated: (1) Patients referred with 'lumps in the breast'. (2) Asymptomatic gynacological patients routinely investigated. In the type 1 patient, a careful examination of the breast should be included as localization of the lump, by means of a metallic marker, will greatly assist in the subsequent interpretation of the radiographs. A clinical inspection, too, will prevent the mistake where a florid mammary encephaloid carcinoma, such as the lactating carcinoma of pregnancy, is mistaken on the radiograph for normal breast tissue, as occurred in one case in our series.
The breast having been radiographed and an opinion expressed, if subsequently a mastectomy has been performed, slicer sections of the breast have been radiographed and results compared with histological findings and pre-operative X-rays. 
Lobulatedfibroadenoma. Cranio-caudal view
In group 2 all patients whose chests were routinely X-rayed before gynicological surgery had mammography performed in addition. It was considered that this group represented patients with a potentially highrisk. The results of our findings will, in both these groups, be described by Dr Young.
Radiological Appearances
Immature breasts: Films of the breast at this stage show the breast tissue to be composed of dense relatively homogeneous shadows representing breast tissue with littletrabeculation visible. There is usually an insignificant amount of fat present in the breast.
Glandular breasts: In the glandular breast, seen in the multipara, the glandular tissue is irregular and the stroma dense, and the lactiferous ducts are dilated. The principal densities are grouped peripherally in the gland and the faint shadows of the dilated ducts can be traced converging towards the nipple. Involutional breasts: These are exemplified by the post-menopausal breast. As the mammary lobules atrophy the fibrous stroma becomes more prominent and the dense fibrous stroma is more clearly seen (Fig 1) .
Atrophic breasts: The atrophic breast is a sequel of the involutional state and if the trabeculm become bunched together, they appear as dense linear branching opacities surrounded by translucent areas representing the fatty infiltration of the breast (Fig 2) . Mammary dysplasias: Fibroadenosis appears as irregular patchy densities scattered throughout the breast with a generalized loss of theregular structure of the breast. Fibrocystic disease, on the other hand, tends to be less dense and more regular structure of the breast can be seen between Clinically this tumour was nearly a third larger than it appeared radiologically. Cranio-caudal view the cystic areas. The actual cysts may also be recognized as individual masses (Table 1) . Fibroadenomata appear radiologically as smooth, rounded masses with a well-defined outline; the clarityofits outline depends on the tissuesurrounding the fibroadenoma. If a considerable degree of fat is present, then its outline is clear cut. In young subjects with a considerable degree of mammary tissue the outlines of the tumour are less readily seen against the breast tissue. The outline of the tumour is usually round or ovoid and may have a knobbly appearance. The differential diagnosis of a fibroadenoma from a cyst may be extremely difficult, as both may show a smooth outline and be surrounded by a halo. Both are homogeneous and may show breast trabeculation displaced by the mass, but no trabeculation within the mass itself- (Fig 1) .
Duct ectasia: Duct ectasia is by definition a form of mammary dysplasia, characterized by the secretion of milk-like substances in a nonpregnant nonpuerperal breast. Cystic distension of the Table I Common signs of benign lesions (1) Smooth round or oval opacity (2) Halo sign or 'Ligne de s6curit6' (3) Opacities multiple and in both breasts (4) Often less dense than malignant lesions (5) Clinical size equal to or less than radiological size (6) Other signs of breast dysplasias (7) No signs of malignancy Table 2 Common signs of malignancy (1) Visible opacity disrupting breast architecture (2) Dense opacity with: spiculation nodulation tentacles 'mare's tail'
(3) Clinical size greater than radiological size (4) Fine calcification in or near tumour (30%Y.): punctate=scirrhous 'broken ends ofneedles' suggests duct carcinoma (5) Alteration in breast contour: nipple retraction skin thickening and dimpling large vessels obliteration ofpectoral line lumen of the ducts by products of secretion is a prominent feature. Carcinoma: The radiological features of a carcinoma of the breast are shown in Table 2 . Visible opacity: Tumour tissue, whether carcinomatous or sarcomatous, has the same density as normal tissue but by virtue of the fat content of the breast the tumour becomes visible on the plain film. In the large fat-infiltrated breast the tumour may be readily visible for the above reasons but in the glandular breast it may be difficult to differentiate the tumour mass from the normal gland structure. In pregnancy, when the glandular structure is active, the differentiation of tumour from glandular structure is less clearly seen and it may not be possible to differentiate quite large tumours from gland structure.
Tumour margin: The outline of a malignant tumour characteristically shows a spiculated outline and when this is defined the diagnosis can be made with reasonable confidence (Fig 2) . However, this spiculated outline is not necessarily present and certain carcinomata may show a smooth or lobulated outline.
Host reaction: Cysts and benign tumours such as fibroadenoma show a clear-cut, well-defined outline with a thin line representing compressed breast tissue(lignede securite) (Fig 1) . This finding may be particularly valuable in cases where there are multiple areas of mastitis present in the area around the cyst. Leborgne rule: Leborgne (1953) pointed out that the palpable tumour as measured clinically was much larger than that demonstrated radiologically. This is in contrast to benign tumours, where the size of the mass and the radiological size correspond (Fig 2) .
Calci.fication: Calcification was demonstrated in 29 out of 74 (39%Y.) of the growths examined in this series. Pathologically calcificationwas demonstrated in a considerably higher proportion and calcification could be seen in almost 50 % of cases. The radiological features of calcification in breast carcinoma is characteristically spiculated and has a 'broken needle' appearance. This type of calcification is apparently specific and we have not found it in any other breast tumours. Calcification can occur in other nonmalignant breast conditions and has been reported in 7 % of fibroadenomata and in 17% of mammary dysplasias (Fig 1) . The calcification, however, does not show the spiculated appearance of carcinoma. Calcification in arterial branches can also be noted in the elderly but the appearances of the calcification are similar to vascular calcification in other parts of the body. Alterations in breast contour: The features of dimpling of the skin noted clinically can be seen radiologically. The extension of the tumour towards the nipple can frequently be seen as a prolongation of soft tissue towards the nipple, representing extension of the growth towards the nipple. This has been descriptively called a 'mare's tail' appearance. In our experience we have found this 'mare's tail' appearance of the tumour characteristic of malignancy. Some Aspects of Mammogaphy Accuracy of diagnosis: A high degree of accuracy is claimed by most workers. Table 1 indicates the diagnostic accuracy in consecutive series of mammograms. The list is comparative and by no means comprehensive. The figures in the first column between 80% and 89 % seem to correspond to an accuracy rate in our consecutive series of mammograms of 89 %, i.e. with normals included and in which all equivocal reports and all errors are counted as wrong. In the second column only outright mistakes appear to have 
